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Table 1 Summarizing conditions of PVB19 infection, anemia, and immunological findings

Date (year/month) PVB19 infection Anemia Decision of EIA PVB19-DNA CD4 cell HAART

(log copies/ml)  count
PVB19-IgG PVB19-IgM
2006/11 Primary infection Acute anemia +— + ND 35 —
2007/1 Persistent infection with  Chronic anemia - + 10 29 -
high level viremia

2007/9 IRIS Deterioration + + 9 142 +
2007/11 Low level viremia Remission of PRCA  + + 3-5 106 +

ND not determined

therapy was not administered because it is an expensive
procedure.

From January 2007, HAART with tenofovir, emtricita-
bine, and efavirenz were initiated. The patient’'s CD4 cell
count gradually increased, and his HIV-1 viral load became
undetectable after May 2007. At the beginning of July
2007, the CD4 cell count had increased to 105 cells/ul, and
seroconversion of IgG antibody was observed. Although
the serum PVB19-DNA level was unchanged, the hemo-
globin level increased to 9.8 g/dl, and the periodical blood
transfusions were discontinued.

Two months after the last transfusion, the patient
experienced episodes of dizziness and visited our hospital.
His hemoglobin level rapidly deteriorated to 6.5 g/dl, and
blood transfusion was repeated. The serum PVB19 load
had reduced tenfold (from 10'° to 10° copies/ml). After
3 days, he developed fever and neutropenia (1,100 cells/
ul), and circulating atypical lymphocytes were detected.
Serum biochemical assessments showed elevated concen-
trations of lactate dehydrogenase (LDH) (395 IU/l) and
C-reactive protein (CRP) (16.47 mg/dl). No other symp-
toms such as rash or arthralgia and no signs of cardiac,
renal, or hepatic disorders were observed. The patient’s
symptoms disappeared, the abnormal test results reverted
to normal within a few days, and the anemia rapidly
improved. No further red blood cell transfusions were
required. In October 2007, the patient’s hemoglobin level
was within the normal range, and the PVB19-DNA load
decreased to 10° copies/ml. Although reexamination of
bone marrow aspirate was not performed, PVB19-induced
PRCA was completely resolved, and PVB19 IgG antibody
was persistently detected; PVB19-DNA (10° copies/ml),
however, was still detected.

Discussion

IRIS is a serious condition that can occur after the initiation
of HAART. This syndrome is usually self-limited, but it
may worsen and necessitate intervention. In our case, the

patient presented with transient inflammatory responses,
such as fever, shortly before the remission of PRCA. The
laboratory results revealed leucopenia, atypical lympho-
cytes, and elevation of the serum LDH level; these findings
were similar to those of a nonspecific response to viral
infections. Additionally, his anemia rapidly worsened
despite showing some improvement shortly before this
episode. His immunological state was improving: the CD4
cell count rose, seroconversion to anti-PVB19 IgG anti-
body was observed, and the serum PVB19-DNA level
showed a slight but significant decrease. On the basis of
these paradoxical findings, we thought that this was an
episode of IRIS. The recent literature contains only two
reports of severe IRIS. In one of the cases, the patient
presented with acute encephalitis [10]. In that case, the
patient had persistent PVB19 infection, and the complica-
tion of chronic PRCA was treated with intravenous Ig
therapy. Four weeks after initiating HAART, anemia
developed rapidly with acute onset of ataxia and aphasia.
Such a progression was unexpected because encephalitis is
a rare complication in PVB19 infection. In the other case,
acute and transient anemia developed after the initiation of
HAART, although no anemia and PVB19 infection were
detected before HAART [11]. Serum antibodies to PVB19
had not been fully confirmed in either of these cases. In all
three cases, rapid deterioration of anemia was observed
after HAART; this finding seems to be a typical presen-
tation in IRIS associated with HAART for PVB19 infec-
tion. With the exception of anemia, the symptoms and
pathogenic conditions observed in our case are different
from those observed in the two above-mentioned cases.
Our case seems to be the most typical presentation of IRIS
because (1) the patient was proven to have a chronic
PVBI19 infection before HAART, (2) the immunological
parameters, such as the CD4 cell count and IgG antibody
production, showed an improvement during the course of
IRIS, and (3) the patient developed symptoms resembling
those of acute viral infection. The diagnosis of PVB19-
associated IRIS with atypical features may be difficult
because of the lack of diagnostic criteria. However, the
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findings in our case suggested that seroconversion to
antibody against PVB19 and the presence of anemia are
helpful in diagnosing PVB19-related IRIS.

The production of neutralizing antibodies plays a pivotal
role in the immune control of PVB19 infection [3]. Specific
IgM and IgG antibodies are produced 2 and 3 weeks,
respectively, after primary PVB19 infection, and these
antibodies are responsible for the elimination of PVB19.
The EIA kits used in this case could be used only for
qualitative assessments. However, the EIA indices of anti-
PVB19 IgG and IgM antibodies can indicate the titer of
antibodies because these EIA kits include strong positive
controls with EIA indices that are at least higher than 1.5,
and the EIA indices of the clinical samples were up to 15
and showed good reproducibility. When evaluated on the
basis of EIA indices, the anti-PVB19 IgM antibody level
showed moderate elevation during primary PVB19 infec-
tion. In contrast, the samples were weakly negative for the
anti-PVB19 IgG antibodies. These observations suggested
that the class-switch recombination of B lymphocytes was
markedly disturbed during the infection, and this was
probably because of the dysfunction of CD4" T lympho-
cytes. Lack of these protective antibodies may lead to the
transition from primary to persistent infection and permit
high-level PVB19 viremia [12].

In the pre-HAART era, some cases of chronic PRCA
with persistent PVB19 infection were treated with intra-
venous Ig therapy [5], in which the patients were admin-
istered neutralizing antibodies to PVB19. This treatment
results in a rapid decrease in the copy number of blood
PVB19-DNA from 10'° to 10° copies/ml and improvement
of anemia [13]. However, this treatment has a transient
effect, and many patients show recurrence of PRCA after
the treatment. It should be noted that this therapy cannot
clear the PVB19-DNA in the blood, and the DNA persists
at levels of about 10° copies/ml. These observations sug-
gest that administration of neutralizing antibody alone is
insufficient for eliminating PVB19. In our case, the patient
developed chronic PRCA, and the serum PVB19-DNA
level was 10" copies/ml. Even after seroconversion to
anti-PVB19-DNA IgG antibody and the resolution of
PRCA, the viremia persisted, and the patient had viral
loads of 10°~10° copies/ml. We cannot exclude the possi-
bility that this might be caused by the production of an
incomplete neutralizing antibody [7]. PVB19 was, how-
ever, not eliminated in our patient, as was also the case in
previous reports of treatment with intravenous Ig. This
indicates the importance of immune mechanisms other than
humoral immune responses [14], such as those involving
cytotoxic T lymphocytes.

In our case, the relationship among clinical observa-
tions, immunoserological findings and the serum viral
load could be evaluated because intravenous Ig was not
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administered and immune recovery was prolonged. Physi-
cians must note that PVB19 can cause severe anemia in
HIV-1-infected patients [14], and detection of PVBI19-
DNA must be performed in immunosuppressed patients
because of the lack of specific antibodies [12]. In addition,
detailed investigations on immune reactions to PVB19 will
facilitate a better understanding of the mechanism under-
lying immune reconstitution by HAART.

Written informed consent was obtained from the patient
for publication of this case report. A copy of the written
consent is available for review from the journal’s Editor-in-
Chief.
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vy-Aminobutyric Acid Type B Receptor-mediated
Signaling by Inhibition of the Interaction of
v-Aminobutyric Acid Type B Receptors with

G Protein—coupled Receptor Kinase 4 or 5
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ABSTRACT

Background: Intrathecal baclofen therapy is an established
treatment for severe spasticity. However, long-term manage-
ment occasionally results in the development of tolerance.
One of the mechanisms of tolerance is desensitization of
y-aminobutyric acid type B receptor (GABAgZR) because of
the complex formation of the GABAg, subunit (GB,R) and
G protein—coupled receptor kinase (GRK) 4 or 5. The cur-
rent study focused on S(+)-ketamine, which reduces the
development of morphine tolerance. This study was de-
signed to investigate whether S(+)-ketamine affects the
GABAgR desensitization processes by baclofen.

Methods: The G protein—activated inwardly rectifying K™
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What We Already Know about This Topic:

e Tolerance to intrathecal baclofen for treatment of spasticity is
produced by desensitization of the y-aminobutyric acid type B
receptor (GABAGR).

What This Article Tells Us That Is New:

e In cell culture, S(+)-ketamine suppressed the desensitization
of GABAgR-mediated signaling at least in part through inhibi-
tion of formation of protein complexes of GABAg, subunit
(GB,R) with GRK 4 or 5.

channel currents induced by baclofen were recorded using
Xenopus oocytes coexpressing G protein—activated inwardly
rectifying K™ channel 1/2, GABAg,, receptor subunit,
GB,R, and GRK. Translocation of GRKs 4 and 5 and pro-
tein complex formation of GB,R with GRKs were analyzed
by confocal microscopy and fluorescence resonance energy
transfer analysis in baby hamster kidney cells coexpressing
GABAg;, receptor subunit, fluorescent protein—tagged
GB,R, and GRKs. The formation of protein complexes of
GB,R with GRKs was also determined by coimmunopre-
cipitation and Western blot analysis.

Results: Desensitization of GABAgR-mediated signaling
was suppressed by S(+)-ketamine in a concentration-depen-
dent manner in the electrophysiologic assay. Confocal mi-
croscopy revealed that S(+)-ketamine inhibited transloca-
tion of GRKs 4 and 5 to the plasma membranes and protein
complex formation of GB,R with the GRKs. Western blot
analysis also showed that S(+)-ketamine inhibited the pro-
tein complex formation of GB,R with the GRKs.
Conclusion: S(+)-Ketamine suppressed the desensitization
of GABAgR-mediated signaling at least in part through in-
hibition of formation of protein complexes of GB,R with

GRK 4 or 5.

ACLOEEN, a selective y-aminobutyric acid type B re-
ceptor (GABARR) agonist, has been widely used as an
antispasticity agent. Intrathecal baclofen (ITB) therapy is an
established treatment for severe spasticity of both spinal and
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cerebral origin." Recently, increasing reports have shown
that ITB therapy has powerful antinociceptive effects in pa-
tients with spasticity and in patients without spasticity who
experience chronic pain,' such as somatic pain,? central
pain,>? and complex regional pain syndrome.*>

However, long-term management of ITB therapy occa-
sionally results in the development of tolerance,® which
makes treatment difficult with respect to both pain and spas-
ticity. Such decreased responsiveness to baclofen, so-called
baclofen tolerance, is, in part, because of the desensitization
of GABARR.”® In addition, the desensitization of GABARR
occurred by the formation of complexes of GABAgR and
either G protein—coupled receptor kinase (GRK) 4”8 or 5,7
which is a member of the GRK family consisting of GRKs 1
through 7.

Until today, several agents (e.g., morphine, baclofen, ket-
amine, clonidine, and local analgesics) have been adminis-
tered intrathecally for effective chronic pain management or
spinal anesthesia clinically.'”'" Among them, intrathecal
ketamine coadministration has a synergistic analgesic effect
with opioids.? In addition, ketamine administration pre-
vented the development of tolerance against morphine in
several animal models,'® although the mechanism has not
yet been clearly elucidated. Regulation of tolerance of p-opi-
oid receptor—mediated cellular signaling, receptors to which
morphine mainly act, is known to be mediated by GRKs,
particularly GRK 2'° or 3."'7 GRKs 2 and 3 are reported to
play in desensitization processes of u-opioid receptors'>!” or
development of tolerance to opioids in an animal model.® In
case of GABAgR, it was previously demonstrated that the
desensitization of GABAgR-mediated responses was associ-
ated with the formation of protein complexes of GABAg,
receptor subunit (GB,R) with GRK 4 or 5.” Our hypothesis
is that ketamine would interact with GRK 4 or 5. Thus, we
focused on the effects of ketamine on the modification of
GRKs 4 and 5 in GABAgR-mediated desensitization pro-
cesses. Ketamine consists of two enantiomers, S(+)-ket-
amine and R(—)-ketamine, that have distinct pharmacologic
properties.'® S(+)-Ketamine has a three times higher anes-
thetic potency than that of the racemic mixture, the inci-
dence of adverse effects is equal at the same concentration for
both enantiomers,'® and both are clinically available.'®
Thus, in the current study, we used S(+)-ketamine and in-
vestigated whether S(+)-ketamine has effects on GABAgR
desensitization and the formation of complexes of GABAgR
with GRK 4 or 5.

Materials and Methods

Drugs and Chemicals

Baclofen was purchased from Tocris Cookson, Bristol,
United Kingdom; and S(+)-ketamine, gentamicin, and so-
dium pyruvate were obtained from Sigma, St Louis, MO. All
other chemicals used were of analytic grade and were ob-
tained from Nacalai Tesque, Kyoto, Japan.

Anesthesiology 2011; 114:401-11
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Construction of Complemeniary DNA and Preparation
for Complementary RNAs

Complementary DNA (cDNA) for rat G protein—activated
inwardly rectifying K* channel (GIRK) 1 and mouse
GIRK2 were provided by Henry A. Lester, Ph.D. (Professor
of Biology, Caltech, Pasadena, CA). GABAg,, receptor sub-
unit (GB,,R), GB,R, and anti-hemagglutinin (HA)—tagged
GB,R were provided by Niall. J. Fraser, Ph.D. (Glaxo Well-
come, Stevenage, United Kingdom). Cerulean, a brighter
variant of cyan fluorescent protein, was obtained from David
W. Piston, Ph.D. (Professor of Molecular Physiology and
Biophysics, Vanderbilt University, Nashville, TN); and Venus,
a brighter variant of yellow fluorescent protein, was obtained
from Takeharu Nagai, Ph.D. (Professor of Nanosystems Phys-
iology, Hokkaido University, Sapporo, Japan). Human GRK4
was provided by Antonio De Blasi, Ph.D. (Professor of Istituto
Neurologico Mediterraneo Neuromed, Pozzilli, Italy); and rat
GRKS5 was obtained from Yuji Nagayama, M.D., Ph.D. (Pro-
fessor of Medical Gene Technology at Atomic Bomb Disease
Institute, Nagasaki University, Nagasaki, Japan). For receptor
construction, the N-DYKDDDDK-C (FLAG) epitope tag (5'-
GAACAAAAACTCATCTCAGAAGAGGATGTG-3') was
engineered to ligate the N-terminus of GRK 4 or 5 by using
standard molecular approaches that use polymerase chain
reaction. Venus-fused GB,R was created by ligating the re-
ceptor cDNA into HindIII sites into the corresponding sites
of Venus cDNA. Venus- or Cerulean-fused GRKs 4 and 5
were created by ligating the GRK ¢DNA sequences into the
Notl or BamHLI sites of corresponding Venus or Cerulean
sites. All cDNAs for transfection in baby hamster kidney
(BHK) cells were subcloned into pcDNA3.1 (Invitrogen,
San Diego, CA). For expression in Xenopus oocytes, all cD-
NAs for the synthesis of complementary RNAs (cRNAs)
were subcloned into the pGEMH] vector, which provides
5'- and 3'-untranslated regions of the Xenopus B-globin
RNA, ensuring a high concentration of protein expression in
the oocytes.'” Each of the cRNAs was synthesized with a
messenger RNA kit (mCAP messenger RNA Capping Kit;
Ambion, Austin, TX) and with a T7 RNA polymerase iz
vitro transcription kit (Ambion) from the respective linear-
ized cDNAs.*°

Oocyte Preparation and Injection

Immature V and VI oocytes from Xengpus were enzymati-
cally dissociated, as previously described.>** Isolated oo-
cytes were incubated at 18°C in ND-96 medium (containing
96-mm NaCl, 2-mm KCl, 1-mm CaCl,, 1-mm MgCl,, and
5-mM HEPES, pH 7.4) containing 2.5-mM sodium pyruvate
and 50-pg/ml gentamicin. For measurement of GIRK cur-
rents induced by baclofen, cRNAs of GIRKs 1 and 2 (0.2 ng
each) and GB,,R and GB,R (5 ng each) were coinjected into
the oocytes, together with or without GRKs (4 or 5) or
FLAG-tagged GRKs (FLAG-GRK4 or FLAG-GRK5) (3 ng
each). The final injection volume was less than 50 nl in all

Ando et al.

- 379 -



cases. Oocytes were incubated in ND-96 medium and used
3-8 days after injection, as previously reported.*!

Electrophysiologic Recordings

Electrophysiologic recordings were performed using the two-
electrode voltage clamp method with an amplifier (Ge-
neclamp 500; Axon Instruments, Foster City, CA) at room
temperature. Oocytes were clamped at —60 mV and contin-
uously superfused with ND-96 medium or 49 mm K™ (high
potassium) solution, in which tonicity was adjusted to reduce
concentrations of NaCl (48-mm NaCl, 49-mMm KCl, 1-mm
CaCl,, 1-mm MgCl,, and 5-mm HEPES, pH 7.4) in a
0.25-ml chamber at a flow rate of 5 ml/min. Then, baclofen
alone or S(+)-ketamine and baclofen were added to the su-
perfusion solution. Voltage recording microelectrodes were
filled with 3 M potassium chloride, and their tip resistance
was 1.0-2.5 M{). Currents were continuously recorded and
stored with a data acquisition system (PowerLab 2/26; AD
Instruments, Castle Hill, Australia) and a computer (Macin-
tosh; Apple, Cupertino, CA), as previously described.?!*
All test compounds applied to oocytes were dissolved into the
ND-96 medium or 49-mm K™ media.

Cell Culture and Transfection

The BHK cells were grown in Dulbecco modified Eagle me-
dium supplemented with 10% fetal bovine serum, penicillin
(100 U/ml), and streptomycin (100 pg/ml) at 37°C in a
humidified atmosphere of 95% air and 5% carbon dioxide.
For confocal microscopic assay, BHK cells were seeded at a
density of 1 X 10° cells/35-mm glass-bottomed culture dish
(World Precision Instruments, Sarasota, FL) and cultured
for 24 h. Transient transfection was then performed with a
transfection reagent (Effectene; Qiagen, Tokyo, Japan) in
0.2 g each cDNA, as previously described,”*° and accord-
ing to the protocol provided by the manufacturer. Cells were
used in confocal microscopy and fluorescence resonance en-
ergy transfer (FRET) analysis 1624 h after transfection.

Confocal Fluorescence Microscopy

For translocation studies of GRKs and protein complex for-
mation of GABAgR with each GRK (4 or 5) using confocal
microscopy and the FRET assay, GB,R and each of the
GRKs (4 and 5) were fused through the carboxyl terminus to
Cerulean or Venus. The BHK cells cultured in 35-mm glass-
bottomed dishes were cotransfected with 0.2 pg Venus-
fused GABAgR and Venus- or Cerulean-fused GRKs. A
X 63 magnification 1.25-numerical aperture oil immer-
sion objective was used with the pinhole for visualization.
Both Venus and Cerulean were excited by a 458-nm laser,
and images were obtained by placing the dish onto a stage
in a confocal microscope (Zeiss LSM510 META; Carl
Zeiss, Jena, Germany).

Photobleaching and Calculation of FRET Efficiency
To confirm FRET between Venus and Cerulean, we moni-
tored acceptor photobleaching analysis in BHK cells that
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coexpressed GB,R, Venus-fused GB,R, and Cerulean-fused
GRKs. FRET was measured by imaging Cerulean before and
after photobleaching Venus with the 100% intensity of a
514-nm argon laser for 1 min, a duration that efficiently
bleached Venus with little effect on Cerulean. An increase of
donor fluorescence (Cerulean) was interpreted as the evi-
dence of FRET from Cerulean to Venus. All experiments
were analyzed from at least six cells with three independent
regions of interest. As a control, we examined the FRET
efficiency of the unbleached area of membrane in the same
cells in at least three areas. In some cases, we performed a
photobleaching assay using fixed BHK cells. Cells were fixed
as previously described.”?

FRET efficiency was calculated using emission spectra
before and after acceptor photobleaching of Venus.** Ac-
cording to this procedure, if FRET is occurring, then photo-
bleaching of the acceptor (Venus) should yield a significant
increase in fluorescence of the donor (Cerulean). Increase of
donor spectra because of desensitized acceptor was measured
by taking the Cerulean emission (at 488 nm) from spectra
before and after acceptor photobleaching. FRET efficiency
was then calculated using the following equation: £ =1 —
IpplI, where I, is the peak of donor (Cerulean) emission
in the presence of the acceptor, and I is the peak in the
presence of the sensitized acceptor, as previously described.?
Before and after this bleaching, Cerulean images were col-
lected to assess changes in donor fluorescence.

Coimmunoprecipitation and Western Blotting
Monoclonal anti-FLAG M2 was obtained from Sigma;
monoclonal anti-HA (12CA5), from Roche, Mannheim,
Germany; and polyclonal anti-HA (Y-11), from Santa Cruz
Biotechnology, Santa Cruz, CA. The BHK cells were tran-
siently cotransfected with each of the FLAG-tagged GRK
cDNAs, HA-tagged GB,R (HA-GB,R), and nontagged
GB,,R cDNAs. Twenty-four hours later, the cells were har-
vested, sonicated, and solubilized in a protein extraction
buffer containing a combination of protease inhibitor cock-
tail (PRO-PREP; iNtRON Biotechnology, Sungnam, Ko-
rea) for 1 h at 4°C. The mixture was centrifuged (at 15,000
rpm for 30 min), and the supernatants were incubated with
FLAG or HA (12CA5) antibody at 5 ug/ml overnight at
4°C. The mixture was centrifuged, and the pellets were
washed five times by centrifugation and resuspension. Im-
munoprecipitated materials were dissolved in sample buffer
(Lammeli) containing 0.1-M dithiothreitol subjected to 10%
sodium dodecyl sulfate—polyacrylamide gel electrophoresis,
transferred to polyvinylidene fluoride membranes, and sub-
jected to immunoblotting using monoclonal antibodies
against FLAG (1:10,000) and polyclonal HA (Y-11)
(1:10,000); then, bovine mouse or goat rabbit anti-IgG was
conjugated with horseradish peroxidase at 1:5,000 and re-
acted with chemiluminescence Western blot detection re-
agents (Nacalai Tesque).
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Fig. 1. Effects of S(+)-ketamine on the desensitization of y-aminobutyric acid type B receptor (GABAgR)-mediated G
protein-activated inwardly rectifying K* channel (GIRK) currents in Xenopus oocytes. (A) Typical tracing of GIRK currents
induced by the first and second application of baclofen (bac) (100 wM) for 1 min in a time lag of 4 min in oocytes coexpressing
GABAg,, receptor subunit (GB;,R), hemagglutinin (HA)-GABAg, subunit (GB;R), and GIRK1/2 without (a) or with (b) S(+)-
ketamine (100 uM) before (2 min) and during (1 min) application of a second preapplication of bac. Typical tracing of GIRK
currents induced by the first and second application of bac (100 um) for 1 min in a time lag of 4 min in oocytes coexpressing
GB,,R, HA-GB,R, GIRK1/2, and G protein—coupled receptor kinase (GRK) 4 or 5 without (c and €) or with (d and f) S(+)-ketamine
(100 wwm) before (2 min) and during (1 min) application of a second preapplication of bac 49 mM k*: 49 mM K+ (high potassium)
solution. (B) Summary of the effects of S(+)-ketamine on GABAGR desensitization. Each bar represents the mean + SD of the peak
GIRK currents induced by second application, expressed as percentage to each current induced by first application of bac in
oocytes. (a) A group coexpressing GB, R, HA-GB,R, and GIRK1/2, n = 8, (b) groups coexpressing GB, R, HA-GB,R, GIRK1/2, and
GRK 4 (n = 10 for each group), (c) groups coexpressing GB, R, HA-GB,R, GIRK1/2, and GRK5 (n = 10 for each group). Statistical
results are represented as P values (5% confidence interval for the differences in the two conditions). ns = not significant.

Statistical Analysis

Data are expressed as mean + SD. For comparisons of the peak
GIRK currents induced by second application of baclofen with
those by first application of baclofen in Xengpus oocytes coexpress-
ing GB R, HA-GB,R, and GIRK1/2 with or without GRK 4 or
5, two-tailed paired # tests were performed and the 95% confidence
intervals (Cls) are depicted. The effects of S(+)-ketamine on the
percentages of GIRK currents induced by second application of
baclofen to each current induced by first application of baclofen
were compared using one-way ANOVA, followed by the Tukey
test. For comparison of FRET efficiency in BHK cells coexpressing
GB,.R, GB,R-Venus, and GRKs-Cerulean, with or without
S(+)-ketamine application before and during baclofen stimulation,
two-tailed unpaired ¢ tests were performed. Statistical significance
was accepted at < 0.05. All analyses were performed using com-
puter software (IBM SPSS Statistics 18; IBM Corp, Armonk, NY).

and 2 (GIRK1/2).” In addition, GABAgR desensitization was ob-
served after repeated application of baclofen at 100 um, which was
a submaximum concentration to elicit inward K™ current through
GIRK1/2 to oocytes, coexpressing GRK 4 or 5 but not 2, 3, or 6.”

As previously demonstrated,” no desensitization was ob-
served after repeated application of baclofen at 100 um (for 1
min, each application) to oocytes coexpressing the GB,,R and
HA-GB,R with GIRK1/2 (fig. 1, A and B). When either GRK
4 (3 ng) or 5 (3 ng) cRNA was coinjected with heterodimeric
GABAgR and GIRK1/2 cRNA, the amplitude of first baclofen-
induced K currents was almost the same as that in oocytes
coexpressing GABAgR and GIRK1/2 without GRKSs, whereas
that of the second K™ currents induced by baclofen was atten-
uated t0 47.2 = 12.7% (n = 8) in oocytes coexpressing GRK4
and to 67.6 = 13.1% (n = 8) in oocytes coexpressing GRKS5.
This indicates that GRK 4 or 5 induced GABAgR desensitiza-
tion (fig. 1, A and B). S(+)-Ketamine (100—-300 um) by itself
had no effects on both the 49-mm K*- and baclofen-induced
K™ currents in oocytes expressing GABAGR and GIRK1/2
without GRKs (fig. 1A and data not shown).

‘When S(+)-ketamine at a concentration of 10, 30, or 100
pM was applied before (2 min) and during the second appli-
cation of baclofen (I min) to oocytes coexpressing het-
erodimeric GABAGR and GIRK1/2 with GRK 4 or 5, the
attenuation of the second baclofen-induced K™ currents was

Results

S(+)-Ketamine Inhibits the Desensitization of GABA,
Receptor-Mediated Signaling by GRK 4 or 5 in Xenopus
Oocytes

It was previously reported that baclofen elicited a GIRK con-
ductance in Xenopus oocytes coexpressing heterodimeric GAB-
AgR (GB,,R and HA-tagged GB,R [HA-GB,R]) with GIRKs 1
Anesthesiology 2011; 114:401-11

404 Ando et al.

- 381 -



before after
C baclofen (-) d baclofen (+)

before after
baclofen (-) baclofen (+)
+ S(+)-ketamine (+)
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Fig. 2. Confocal imaging showing the effects of S(+)-ketamine on the translocation of G protein—coupled receptor kinase (GRK)
4-Venus or GRK5-Venus to the plasma membranes in baby hamster kidney (BHK) cells coexpressing the y-aminobutyric acid
(GABA)g;, receptor subunit (GB,,R), hemagglutinin (HA)-GABAg, subunit (GB,R), and GRKs-Venus. Each bar represents 10
mm. (A) Visualization of GRK4-Venus in the cells before (a and c) and after stimulation of baclofen (100 um) for 5 min with (q)
or without (b) previous application of S(+)-ketamine (100 um) for 5 min in BHK cells coexpressing GB,,R, HA-GB,R, and
GRK4-Venus. (B) Visualization of GRK5-Venus in BHK cells before (a and c) and after stimulation of baclofen for 5 min with (q)
or without (b) previous application of S(+)-ketamine for 5 min in BHK cells coexpressing GB, R, HA-GB,R, and GRK5-Venus.

significantly restored in a concentration-dependent manner
(fig. 1, A and B). The amplitude of K* currents induced by
the second application of baclofen with 10-, 30-, or 100-pm
S(+)-ketamine was 48.3 * 8.4%, 67.9 * 17.4%, and
104.8 * 22.7% in oocytes coexpressing GRK4 (n = 10
each) and 66.8 * 17.9%, 87.2 = 18.7%, and 102.4 *+
20.6% in oocytes coexpressing GRKS5 (n = 10 each) of those
induced by the first application of baclofen, respectively (fig.
1, A and B). When typical GIRK currents were not obtained
by first application of baclofen, such data were excluded.
Overall, approximately 67-83% of recording data in each
group of oocytes were obtained for statistical analyses.

Translocation of Venus-Fused GRK 4 or 5 to the Plasma
Membranes after Activation of GABAgR Is Inhibited in
the Presence of S(+ )-Ketamine

To determine the effects of S(+)-ketamine on the transloca-
tion of GRK 4 or 5 in response to baclofen in BHK cells, we
cotransfected GRK4-Venus or GRK5-Venus ¢cDNA with
GB,,Rand HA-GB,R cDNAs and determined the intracellular

Anesthesiology 2011; 114:401-11

distribution and translocation properties of GRK4-Venus or
GRK5-Venus. We then applied baclofen with or without S(+)-
ketamine application to living BHK cells. As shown in figure 2,
A and B, GRK4-Venus or GRK5-Venus was diffusely distrib-
uted in the cytosol without agonist stimulation in BHK cells but
was translocated to the plasma membranes gradually in 5 min
after application of baclofen (100 um). When S(+)-ketamine
(100 pum) was applied to such cells 2.5 min before and during
application of baclofen, the translocation of GRK4-Venus or
GRKS5-Venus to the plasma membranes was almost inhibited (fig.
2, Aand B). Treatment of S(+)-ketamine (100 and 300 um) alone
for 10 min did not affect translocation properties of both GRK4-
Venus and GRK5-Venus in BHK cells coexpressing heterodimeric
GABAgR with GRK4-Venus or GRK5-Venus (data not shown).

FRET and Acceptor Photobleaching Analysis of BHK
Cells Coexpressing GRK 4 or 5 with Heterodimeric
GABAgR

Previously, we showed that functional GABAZR formed het-
erodimers with GB,,R and GB,R by analysis with FRET and
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GABAg,R-Venus

GRK4-Cerulean GABAg,R-Venus GRK5-Cerulean

- .

v v

R
Fig. 3. Confocal imaging and fluorescence resonance energy transfer (FRET) analysis showing the protein complex formation
of the y-aminobutyric acid (GABA)g, subunit (GB,R) with G protein-coupled receptor kinase (GRK) in baby hamster kidney
(BHK) cells coexpressing the GABAg,, receptor subunit (GB,,R), GB,R-Venus, and GRKs-Cerulean. Each bar represents 10
pm. (A) Visualization of GB,R-Venus and GRK4-Cerulean in nonstimulated (a and b) and baclofen (bac)-stimulated (100 um, 5
min) BHK cells (c and d). Fluorescence changes by acceptor photobleaching (1-min application of 514-nm wavelength) in
bac-stimulated BHK cells (e-h). (B) Visualization of GB,R-Venus and GRK5-Cerulean in nonstimulated (@ and b) and bac-
stimulated (100 um, 5 min) BHK cells (c and d). Fluorescence changes by acceptor photobleaching in bac-stimulated BHK cells

a

bac (-) bac (-)

B - - B

(e=h).

acceptor photobleaching in BHK cells coexpressing GB,R-
Venus and GB,R-Cerulean.”*° We also showed that GRK 4
or 5, but not GRK 2, 3, or 6, formed protein complexes with
the GB,R subunit after GABAgR activation in the cells co-
expressing Venus-fused GB; R or GB,R and Cerulean-fused
GRKs.” We examined the effects of S(+)-ketamine on the
formation of protein complexes of GRK 4 or 5 with GB,R in
BHK cells coexpressing GB;,R, GB,R-Venus, and GRK4-
Cerulean (fig. 3A) or GRK5-Cerulean (fig. 3B). The fluores-
cence from GB,R-Venus was mostly localized on the plasma
membranes, whereas that from GRK4-Cerulean or GRKS5-
Cerulean was localized in the cytosol and to some extent on
the plasma membranes (fig. 3A, a and b, and 3B, a and b).
When cells were stimulated with baclofen (100 um) for 5
min, the fluorescence of GRK4-Ceulean or GRK5-Cerulean
and GB,R-Venus was detected on and around the plasma
membranes (fig. 3A, cand d, and 3B, c and d). Photobleach-
ing analysis demonstrated that Venus fluorescence was re-
duced by application of a 514-nm wavelength at 100% in-
tensity of the argon laser power to the indicated area (fig. 3A,

Anesthesiology 2011; 114:401-11

e—h, and 3B, e-h). This application did not affect the
fluorescent intensity of Venus and Cerulean in the un-
bleached area (data not shown). Acceptor photobleaching
showed increased Cerulean fluorescence (donor) with de-
creased Venus fluorescence (acceptor) (fig. 3A, e~h, and
3B, e-h).

To determine the effects of S(+)-ketamine on the protein
complex formation of GRK4-Cerulean or GRK5-Cerulean
with GB,-Venus plus GB,R, we applied S(+)-ketamine
(100 pm) to the cells 5 min before application of baclofen
(100 uMm) and then simultaneously treated the cells for 5 min
with baclofen and S§(+)-ketamine. The fluorescence from
GRK4-Cerulean or GRK5-Cerulean was detected diffusely
in the cytosol and on the plasma membranes, whereas the
fluorescence from GB,R-Venus was mostly detected on the
plasma membranes. Acceptor photobleaching demonstrated
the reduction of the fluorescence from GB,R-Venus; how-
ever, the fluorescence from GRK4-Cerulean or GRK5-Cer-
ulean hardly changed (fig. 4, A and B; and fig. 5), which
indicates that GRK4-Cerulean or GRKS5-Cerulean and
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GRK4-Cerulean
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Fig. 4. Confocal imaging and fluorescence resonance energy transfer (FRET) analysis showing the effects of S(+

GRK5-Cerulean

=a 514nV I

)-ketamine on the

interaction of y-aminobutyric acid (GABA)g, subunit (GB,R) with G protein—coupled receptor kinase (GRK) in baby hamster kidney
(BHK) cells coexpressing GABAg,, receptor subunit (GB,,R), GB,R-Venus, and GRKs-Cerulean. Each bar represents 10 um. (4)
Visualization of GB,R-Venus and GRK4-Cerulean in a BHK cell treated by S(+)-ketamine (100 um) before (5 min) and during (5 min)
baclofen (bac) stimulation (@ and b). Fluorescence changes by acceptor photobleaching in bac-stimulated BHK cells (c—f). (B)
Visualization of GB,R-Venus and GRK5-Cerulean in a BHK cell pretreated with S(+)-ketamine (100 um) before (5 min) and during (5

min) bac stimulation (a and b). Fluorescence changes by acceptor photobleaching in bac-stimulated BHK cells (c—).

GB,R-Venus do not form baclofen-induced protein com-
plexes in the presence of S(+)-ketamine.

Coimmunoprecipitation and Western Blot Analysis of
GRK 4 or 5 Using BHK Cells Coexpressing FLAG-GRKSs,
HA-GB,R, and GB,,R

Previously, it was shown that FLAG-GRK 4 or 5, but not
GRK 2, 3, or 6, formed protein complexes with HA-GB,R
after baclofen stimulation (100 uM, 5 min) in BHK cells
determined with coimmunoprecipitation and Western blot
analysis.” We investigated whether S(+)-ketamine has an
effect on the protein complex formation of GRK 4 or 5 with
GB,R induced by baclofen. Western blot analysis was per-
formed with proteins extracted from BHK cells coexpressing
FLAG-GRK4 or FLAG-GRKS5, GB,,R, and HA-GB, R after
immunoprecipitation with anti-HA. In the precipitate using
anti-HA from the BHK cells coexpressing FLAG-GRK4 or
FLAG-GRKS5, HA-GB,R, and GB R, the band intensity of

the immune complex determined with anti-HA was similar
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in nonstimulated and baclofen-stimulated (100 uM, 5 min)
BHK cells (fig. 6A). On the other hand, the immune com-
plex determined with anti-FLAG was stronger in baclofen-
stimulated cells than that in nonstimulated cells (fig. 6B).
To determine the effect of S(+)-ketamine on the protein
complex formation of FLAG-GRK4 or FLAG-GRK5 with
GB,R, we treated S(+)-ketamine (100 uM) to the cells co-
expressing FLAG-GRK4 or FLAG-GRKS5, HA-GB,R, and
GB,R 5 min before and during the stimulation of baclofen
(5 min, 100 um). In the precipitate using anti-HA from the
cells coexpressing either FLAG-GRK4 or FLAG-GRKS5 with
HA-GB,R and GB R, the intensity of the immune complex
with anti-HA was similar among nonstimulated and ba-
clofen-stimulated cells with or without S(+)-ketamine treat-
ment (fig. 6A). On the other hand, the intensity of the im-
mune complex determined with anti-FLAG was less in
baclofen-stimulated cells with S(+)-ketamine treatment
than in baclofen-stimulated cells without S(+)-ketamine
treatment; and the intensity in baclofen-stimulated cells with
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Fig. 5. Comparison of fluorescence resonance energy trans-
fer (FRET) efficiency in baby hamster kidney (BHK) cells
expressing y-aminobutyric acid (GABA)g,, receptor subunit
(GB,44R), GABAg; subunit (GB,R)-Venus, and G protein—cou-
pled receptor (GRK) 4—Cerulean or GRK5-Cerulean, with or
without previous stimulation of S(+)-ketamine (n = 8 for each
group). The FRET efficiency was calculated from emission
spectra. Each bar represents the mean = SD. Statistical
results are represented as P values (95% confidence interval
for the differences in the two conditions). I, = peak of donor
emission in presence of sensitized acceptor; I, = peak of
donor emission in presence of acceptor.

S(+)-ketamine was almost similar to that in nonstimulated
cells (fig. 6B). In the total lysate, the intensity of the immune
complex determined with anti-FLAG was similar among
nonstimulated and baclofen-stimulated cells with or without

S(+)-Ketamine Suppresses GABAgR Desensitization

S(+)-ketamine treatment (fig. 6C). S(+)-Ketamine treat-
ment alone (100 uM) did not affect the intensity of the im-
mune complex determined with anti-HA (HA-GABAg,R)
and that determined with anti-FLAG (FLAG-GRK4 and
FLAG-GRKS5) (data not shown).

Discussion

Previously, it was demonstrated that the desensitization of
GABAgR-mediated responses was associated with the forma-
tion of protein complexes of the GB,R subunit with GRK 4
or 5 on the plasma membranes, which may cause signal dis-
connection from the receptors to downstream transducers,
such as G proteins.” In the current study, the same desensi-
tization was observed by the second application of baclofen
in Xenopus oocytes coexpressing heterodimeric GABAgR and
GIRKSs in the presence of GRK 4 or 5. We demonstrated that
pretreatment of S(+)-ketamine significantly suppressed such
desensitization. Furthermore, our results showed that the
translocation of GRK4-Venus or GRK5-Venus to the
plasma membranes after stimulation of baclofen was inhib-
ited by pretreatment of §(+)-ketamine in BHK cells. In ad-
dition, FRET analysis showed that S§(+)-ketamine inhibited
the protein complex formation of GB,R-Venus with GRK4-
Cerulean or GRK5-Cerulean in the cells. Such an inhibitory
effect of protein complex formation by S(+)-ketamine was
also confirmed by coimmunoprecipitation and Western blot
analysis in cells coexpressing HA-GB,R, GB,,R, and FLAG-

IP: HA

" IB: HA = e B3 kX i
Mok — geue GNED €D AND 4 dme — HA-GABA,R
70 kda — - Sl o —— FLAG-GRKs

g B-riac SBTTOBEBTYES
Total Cell Lysate
"k . §
IB : FLAG

C 20 ki +— FLAG-GRKs

baclofen # ) () ) & ()

S(+)-ketamine (+) (1) () + ) )

FLAG-GRK4 FLAG-GRK5

Fig. 6. Immunoprecipitation and Western blot analysis of hemagglutinin (HA)~y-aminobutyric acid (GABA)g, subunit (GB,R) and
N-DYKDDDDK-C (FLAG)-G protein-coupled receptor (GRK) proteins extracted from nonstimulated cells, baclofen-stimulated cells
(100 pum, 5 min), or baclofen-stimulated cells (100 pm, 5 min) with previous stimulation of S(+)-ketamine (100 wMm, 5 min), coexpressing
GABAg, receptor subunit (GB,,R), HA-GB,R, and FLAG-GRKs. Western blot of anti-HA immunoprecipitates from FLAG-GRK4— or
FLAG-GRK5-expressing cells determined with anti-HA (A) and anti-FLAG (B) and with anti-FLAG in the total lysate (C).
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GRK4 or FLAG-GRKS5. Collectively, these results suggest
that S(+)-ketamine could suppress the GRK 4— or 5-in-
duced GABAgR desensitization, at least in part, by interfer-
ing with the protein complex formation of GRK 4 or 5 with
the GB,R subunit.

The selective GABAgR agonist baclofen is widely used as
a spasmolytic drug. ITB therapy, proposed by Penn and
Kroin®® in 1984, is a method for the treatment of spasticity
and rigidity of spinal and cerebral origin, approved by the
Food and Drug Administration in 1992." Recently, it was
reported that ITB therapy is also effective in the management
of various forms of chronic pain, with or without spasti-
city.'™ There is no doubt that I'TB therapy will play a greater
part in the management of chronic painl; however, long-
term management of ITB therapy has been reported to oc-
casionally result in the development of tolerance to baclofen
in both clinical® and animal®” studies. Several reports have
shown that intrathecal administration of morphine in place
of baclofen for some period (the so-called baclofen holiday)*®
or a shift in treatment to continuous intrathecal morphine
administration® was effective for pain management in pa-
tients who had developed tolerance against ITB therapy.
However, the preventive measures for the development of
baclofen tolerance have not been established yet.

Baclofen tolerance is the condition in that gradually in-
creased doses of baclofen are required to keep the therapeutic
effects stable. Many processes underlie baclofen tolerance 77
vivo, including adaptations in neural circuitry (e.g., descend-
ing excitatory pathways) and changes in neurotransmitter
signaling pathways surrounding the GABAZR neuron. In
addition, cellular responses mediated by GABAZR are attrib-
uted to the development of baclofen tolerance. In the rat
model, ITB down-regulated the number of GABAgR bind-
ing sites in the spinal cord.*® Desensitization of GABAgR-
mediated signaling is one of the mechanisms of development
of baclofen tolerance. The desensitization of GABAZR was
induced after protein complex formation of GB,R with
GRK 4 or 5.”* Ketamine is an agent that has widely been
used as an analgesic for postoperative pain,'® chronic non-
cancer pain,’' and cancer pain.** Although it has been com-
monly acknowledged that ketamine shows an analgesic effect
by blocking the N-methyl-D-aspartate receptors in the cen-
tral nervous system, many other prospective targets are re-
ported (e.g., muscarinic acetylcholine receptors,®® opioid re-
ceptors,®* substance P receptors,>® and voltage-dependent
Na* and K* channels).>® In animal studies, intrathecal'® or
subcutaneous'* administration of ketamine attenuated the
development of tolerance to morphine. The precise mecha-
nisms of such phenomena were not understood; however,
tolerance of opioids to u-opioid receptors could be attrib-
uted by receptor desensitization, in which GRKs 2 and 3
were involved.">™"” One possibility is that ketamine would
inhibit w-opioid receptor—mediated desensitization by mod-
ulation of GRK 2 or 3. Likewise, we expected, and suggested,
that §(+)-ketamine would attenuate the development of tol-
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erance to baclofen to the sites where GRK 4 or 5 is involved
in GABAgR-mediated desensitization.”® It is not known
how S(+)-ketamine interferes the baclofen-induced protein
complex formation of GB,R with GRK 4 or 5. Because there
are no N-methyl-D-aspartate, muscarinic, opioid, substance
P receptors, and no voltage-dependent Na* and K* chan-
nels, expressed in our experimental system, we could say that
we find another intracellular target site for ketamine that is in-
dependent of the previously reported receptors and ion channel
modulation. Taken together, we showed, for the first time to
our knowledge, that desensitization of GABAgR-mediated
signaling was significantly attenuated by pretreatment of
S(+)-ketamine, suggesting that S(+)-ketamine suppresses
baclofen-induced GABAgR desensitization, possibly fol-
lowed by greater antinociceptive effects when used in ITB
therapy for long-term pain management.

Clinically, our results propose the possibility that combi-
nation intrathecal administration of S(+)-ketamine with
ITB therapy provides high-quality pain relief without toler-
ance of ITB to patients experiencing chronic pain. Intrathe-
cal ketamine has been administered in an animal model and
to humans, but the safety of preservative-free ketamine
through the intrathecal route remains controversial.>”~4° Al-
though some reports have shown no neurotoxic damage after
intrathecal administration of preservative-free ketamine us-
ing pig®” and rabbit®® models, recent animal studies have
shown the severe neurotoxicity of intrathecal administration
of ketamine with canine® and rabbit.* Pathologic findings
also demonstrated subpial spinal cord vacuolar myelopathy
after intrathecal ketamine in a terminally ill cancer patient
who received continuous-infusion intrathecal ketamine for 3
weeks.*! Furthermore, the continuous intrathecal adminis-
tration of S(+)-ketamine, in combination with morphine,
bupivacaine, and clonidine, resulted in adequate pain relief
in a patient experiencing intractable neuropathic cancer
pain; however, postmortem observation of the spinal cord
and nerve roots revealed severe histologic abnormalities, in-
cluding central chromatolysis, nerve cell shrinkage, neu-
ronophagia, microglial up-regulation, and gliosis.** A recent
report43 indicates that the neurotoxicity of S(+)-ketamine is
produced by blockade of N-methyl-D-aspartate receptors on
the inhibitory neurons, resulting in an exicitotoxic injury
through hyperactivation of muscarinic M; receptors and
non—/V-methyl-D-aspartate glutamate receptors in the cere-
bral cortex. Yaksh ez 2/ recently reported the detailed tox-
icology profile of an N-methyl-D-aspartate antagonist, in-
cluding ketamine, delivered through long-term (28-day)
intrathecal infusion in the canine model and suggested needs
for reevaluation of the use of these agents in long-term spinal
delivery. Clinical and pathologic results from an animal or
clinical study with intrathecal administration of a combina-
tion of baclofen and ketamine have not been reported. Thus,
carefully designed studies with an animal model and a clini-
cal trial should be required to know how ketamine (.., tim-
ing of administration, concentration, duration of adminis-
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tration, and ratio of doses of ketamine and baclofen) is safely
administered without pathophysiologic findings and how it
might suppress the development of baclofen-induced toler-
ance clinically.

In conclusion, we demonstrated that S(+)-ketamine sup-
pressed the baclofen-induced desensitization of GABAgZR-
mediated signaling, at least in part, through inhibition of
protein complex formation of the GB,R subunit and GRK 4
or 5. If the safety of intrathecal administration of S(+)-ket-
amine is established, it could be a candidate for preventing
the development of tolerance against ITB therapy in long-
term spasticity and pain management.
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An artery other than the carotid artery immediately posterior
to the internal jugular vein detected by ultrasound
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To the Editor:

We have detected an artery immediately posterior to the
right internal jugular vein (IJV) during ultrasound-guided
IJV cannulation. This examination was approved by the
patient, A 46-year-old woman (weight 50 kg, height
160 cm) scheduled for whole lung lavage. She had a his-
tory of accidental arterial puncture during a right ITV
cannulation procedure that had been conducted by an
experienced anesthesiologist using the external landmark-
guided technique in combination with palpation of the right
carotid artery. Consequently, we decided to perform right
IV cannulation under ultrasound guidance. After anes-
thetic induction and tracheal intubation, the patient was
placed in the Trendelenburg position on the operating
table, and the patient’s head was rotated slightly to the left
side. For the preliminary scout scan, the ultrasound trans-
ducer was placed parallel and about 3—4 cm cephalad to the
clavicle and along the sternocleidomastoid muscle, as
described previously [1]. Almost immediately, an artery
was detected immediately posterior to the right ITV
(Fig. 1a). Slight tilting of the transducer revealed that the
artery arose from the subclavian artery and had a branch
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coursing anterior to the anterior scalene muscle (Fig. 1b).
The artery and its branch were therefore identified as the
thyrocervical trunk and the transverse cervical artery or
suprascapular artery, respectively. Successful IV cannu-
lation was achieved under ultrasound guidance.

One of the complications associated with IJV cannula-
tion is carotid artery puncture [2]. In the present case, the
1JV was positioned completely lateral to the carotid artery
on the image display, suggesting that the carotid artery
pulse could have been a landmark for IIV cannulation [3].
It is therefore possible that the artery immediately posterior
to the IJV might have been punctured during the previous
IJV cannulation procedure. The posterior wall of the IIV
could be easily penetrated by a needle during IJV access.
The thyrocervical trunk arises from the first portion of the
subclavian artery and terminates in the inferior thyroid
artery after dividing into branches, such as the suprascap-
ular artery or the transverse cervical artery. Although the
subclavian artery is usually detected in the subclavian
fossa, it was detected at a more cephalad position our
patient, probably due to an anatomical anomaly. The thy-
rocervical trunk is usually located posterolateral to the
carotid artery on the transverse ultrasound image of the
neck. Although the branching pattern of the thyrocervical
trunk has been reported to be rich in variation [4], the
incidence of sonoanatomy observed in the present case,
which was likely characterized by the placement of the
thyrocervical trunk immediately posterior to the IJV, has
not been elucidated. Further investigation of the incidence
of arteries other than the carotid artery close to the IJV is
required to reduce arterial puncture during IJV cannulation.

In conclusion, we have detected an artery immediately
posterior to the IIV. We recommend that attention be paid
not only to the carotid artery but also to other arterial
structures during ultrasound-guided IJV cannulation.

@_ Springer
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Lateral

Lateral

Fig. 1 Transverse color Doppler ultrasound imaging of the internal
jugular vein and the carotid artery at a level of about 3—4 cm cephalad
to the clavicle (a) and slightly caudal to a (b). CA Carotid artery, IJV
internal jugular vein, SCA subclavian artery, SCM sternocleidomas-
toid muscle, ASM anterior scalene muscle. Asterisk indicates an artery
other than the carotid artery immediately posterior to the IJV. The
artery immediately posterior to the IJV is derived from the subclavian
artery and has a branch running anterior to the anterior scalene
muscle (b)
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The Influence of General Anesthetics on the
Incidence of Postoperative Delirium in the Elderly
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Koji SumMkawa *

Department of Anesthesia, Sasebo City General Hospital,
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School of Medicine, Nagasaki 852-8501

Background : Postoperative delirium increases the
morbidity and mortality in elderly patients. The pre-
sent study was carried out to evaluate whether the dif-
ference of anesthetics has influence on the incidence of
postoperative delirium, retrospectively.

Methods : Among the patients undergoing surgical
procedure aged above 75 years, in seventy one patients
anesthesia was maintained with sevoflurane (group S),
and 38 with propofol (group P). The incidence of delir-
ium postoperatively was obtained retrospectively from
their medical chart. The delirium was diagnosed with
the confusion assessment method diagnostic algorithm.

Results : The incidence of postoperative delirium of
group P (15.8%) was significantly lower than that of
group S (38.0%, P=0.02).

Conclusions : Propofol anesthesia decreases postop-
erative delirium in elderly patients compared with sevo-

flurane anesthesia.

key words : postoperative delirium, general anes-
thesia, sevoflurane, propofol
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